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AEROBIC FITNESS LEVEL MODULATES THE EFFECTS OF PRIOR
SUPRAMAXIMAL EXERCISE ON PULMONARY V
.
O2 RESPONSE
DURING MODERATE-INTENSITY EXERCISE
Tiago Rezende Figueira, Carlos Eduardo Polazzo Machado, Fabrizio Caputo, Benedito Sérgio Denadai
Human Performance Laboratory, São Paulo State University (UNESP), Rio Claro, São Paulo, BRAZIL
The aim of this study was to analyze the influence of aerobic fitness on the effects of prior exercise on V
.
O2
response during subsequent moderate-intensity exercise. After determination of the lactate threshold (LT)
and maximal V
.
O2 (V
.
O2max), 14 untrained subjects (UG) and 14 well-trained cyclists (TG) performed on differ-
ent days and in random order, rest to moderate-intensity exercise transitions (6 minutes at 80% of LT), pre-
ceded by either no prior exercise or prior supramaximal exercise (PSE: two bouts of 1 minute at 120% of
V
.
O2max, with a 1-minute rest in between). Baseline V
.
O2 was significantly increased (p < 0.05) by PSE in both
groups (UG: 0.39 ± 0.06 vs. 0.51 ± 0.15 L·min−1; TG: 0.37 ± 0.06 vs. 0.58 ± 0.14 L·min−1). In the TG group, the
steady state V
.
O2 was significantly increased by PSE (TG: 2.21 ± 0.38 vs. 2.07 ± 0.27 L·min−1, p < 0.05; UG:
1.60 ± 0.27 vs. 1.60 ± 0.29 L·min−1, p > 0.05). It can be concluded that aerobic fitness level influences the effects
of PSE on V
.
O2 response during moderate-intensity exercise. [ J Exerc Sci Fit • Vol 7 • No 1 • 48–54 • 2009]
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Introduction
The pulmonary oxygen uptake response (V
.
O2p) from rest
to exercise transition is characterized by three temporal
phases. The initial phase I response (the cardiodynamic
phase) lasts approximately 20 seconds and has a small
contribution on the entire response. It represents the
increase in V
.
O2p attributed to an increase in pulmonary
blood flow and changes in gas stores (Whipp et al.
2005). The subsequent exponential phase II represents
the majority of the response and is dictated by active
muscle oxygen consumption (V
.
O2m) (Rossiter et al. 2002;
Grassi et al. 1996; Barstow et al. 1990). Following this
fast adaptive response, V
.
O2p levels off at intensities be-
low the lactate threshold (LT) or presents a slow increase
over time if exercise intensity is above the LT (slow
component [SC]). Many studies have described a close
coupling between V
.
O2p and V
.
O2m response to exercise
(Mortensen et al. 2005; Poole 1994), and even a small
alteration of V
.
O2p over time (such as the SC) is originated
in exercising muscle (i.e. V
.
O2m) (Poole 1994). Therefore,
the measurement of V
.
O2p response has been frequently
used to study exercise energy metabolism in several
pathological and physiological conditions (Jones et al.
2003; Puente-Maestu et al. 2002; Burnley et al. 2000).
Since prior heavy-intensity exercise (PHE) could over-
come some rate-limiting steps of oxidative phosphory-
lation in exercising muscle, many studies in the field of
V
.
O2 kinetics have analyzed its effects on parameters
of V
.
O2 kinetics during subsequent exercise (Rossiter 
et al. 2001; Burnley et al. 2000; Gerbino et al. 1996).
Particularly during subsequent heavy-intensity exercise,
PHE has promoted changes in V
.
O2 kinetics. In this
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exercise intensity domain, a decrease in SC amplitude
and time constant of overall V
.
O2 response as well as
an increase in phase II amplitude and unchanged end
exercise V
.
O2 have been reported (Burnley et al. 2000;
Gerbino et al. 1996). These effects have been attributed
to increased convective and diffusive O2 delivery and
higher activation of motor units (Burnley et al. 2002).
Although the moderate-intensity V
.
O2 kinetic has a less
complex temporal description (absence of SC), the ef-
fects of PHE are not clear. Recent studies showing a
faster response and an increased steady-state V
.
O2p value
(ssV
.
O2) (Gurd et al. 2006, 2005) have contradicted pre-
vious reports demonstrating no effects of PHE on V
.
O2
kinetics in this exercise-intensity domain (Scheuermann
et al. 2002; Burnley et al. 2000; Gerbino et al. 1996).
Most of the studies analyzing the influences of PHE
have addressed its effects on estimated time constants
(τ or MRT) or SC amplitude (Gurd et al. 2005; Burnley
et al. 2002, 2000; Gerbino et al. 1996), and little atten-
tion has been paid to those findings regarding the
changes in steady state V
.
O2 (ssV
.
O2) (Gurd et al. 2005;
James & Doust 1998). Apart from the recent report by
Gurd et al. (2005), it is of interest that PHE has not in-
duced changes in ssV
.
O2 in healthy sedentary individuals
(DeLorey et al. 2004; Scheuermann et al. 2002; Burnley
et al. 2000; Gerbino et al. 1996). On the other hand,
trained individuals seem to present an increase in ssV
.
O2
during moderate-intensity exercise even 1 hour after
short-duration bouts of near-maximal exercise (James &
Doust 1998). As the experimental design varies between
studies, any potential influence of aerobic fitness status
on this issue remains to be elucidated.
Data from our laboratory show that trained subjects
have increased V
.
O2 during the initial stages of incremen-
tal exercise performed after two short-duration bouts
of supramaximal exercise (120% V
.
O2max) (Dantas-De-
Lucas et al. 2003). However, less trained subjects seem
not to present or present this alteration to a lesser
extent (unpublished data). Taken together, these find-
ings suggest that aerobic fitness level may modulate
the effects of prior exercise on ssV
.
O2 during moderate-
intensity exercise. In this scenario, we hypothesize that
the increased O2 cost of moderate-intensity exercise
(ssV
.
O2) after prior supramaximal exercise (PSE) is de-
pendent on aerobic fitness level of subjects, with highly
trained subjects being affected to a greater extent. 
To our knowledge, there are no studies addressing this
issue. Therefore, we aimed to investigate the influence
of aerobic fitness level on V
.
O2 response at moderate-
intensity exercise preceded by supramaximal exercise
bouts.
Methods
Subjects
Fourteen untrained adults (untrained group—UG: age,
21.2±4.0 years; body mass, 81.2±10.3kg; height, 1.78±
0.07 m) and 14 well-trained cyclists (trained group—
TG: age, 21.4 ± 3.5 years; body mass, 68.2 ± 6.9 kg;
height, 1.75 ± 0.05 m) volunteered to participate in this
study. The subjects of each group were invited to par-
ticipate in this study based on their training/physical
activity background. Individuals engaged in hard cy-
cling training and competition were assigned to TG,
while typical sedentary subjects not engaged in regular
physical activity (fewer than three times a week) were
assigned to UG. All subjects were healthy, and none were
taking any medications. Each subject was informed of
all risks associated with participation in the experimen-
tal protocol and provided written consent. This study
was approved by the local university’s ethics committee.
The experiments complied with the current laws of the
country in which the experiments were performed.
Exercise protocol
Subjects were studied on three separate occasions at
the same time of day for each subject. Each test was
separated by 48 hours and all tests were completed
within a period of 1 week. Subjects reported to the lab-
oratory at least 3 hours after consuming only a light
meal and abstaining from heavy exercise for at least
24 hours preceding the test. Preliminary testing con-
sisted of an incremental exercise test (28 W every third
minute) to volitional fatigue on a mechanically braked
cycle ergometer (CEFISE BioTec, São Paulo, Brazil) for
the determination of the LT, onset of blood lactate
accumulation (OBLA), maximal pulmonary O2 uptake
(V
.
O2max) and the power output at V
.
O2max (IV
.
O2max). The
LT was determined by visual inspection and defined as
work rate (WR) at which the blood lactate concentration
increased above resting values (first deflection point)
(Farrell et al. 1979). OBLA was determined by linear in-
terpolation, with a fixed lactate concentration of 3.5mM
(Denadai et al. 2004). The highest mean V
.
O2p calcu-
lated over a 15-second duration was taken as V
.
O2max.
IV
.
O2max was defined as the minimal power output at
which V
.
O2max occurred (Billat & Koralsztein 1996).
From the results of the incremental test, a moderate-
intensity WR was selected as 80% of LT. PSE consisted
of two bouts of 1 minute at a WR equivalent to 120%
V
.
O2max separated by a 1-minute passive recovery be-
tween bouts. The V
.
O2p–WR relationship was determined
by linear regressions from steps below LT.
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The subjects returned to the laboratory on two sep-
arate occasions to perform step transitions from rest
to a moderate-intensity WR. Each moderate-intensity
WR transition was 6 minutes in duration and was in
random order preceded by either no exercise (NPE) or
PSE. In the PSE condition, supramaximal exercise bouts
were followed by 8 minutes of passive recovery. Blood
samples were collected at 1 minute before and after 
6 minutes of moderate-intensity WR exercise onset, 
in both conditions. Pedal frequency was maintained
constant at 70 rpm for all tests.
Measurements
Throughout the tests, the cardiorespiratory and pulmo-
nary gas-exchange variables were measured using a
breath-by-breath portable gas analyzer (Cosmed K4b2,
Rome, Italy). Before each test, the oxygen and carbon
dioxide analysis system was calibrated using ambient
air and a gas of known oxygen and carbon dioxide con-
centration according to the manufacturer’s instructions,
while the K4b2 turbine flowmeter was calibrated using
a 3L syringe. Breath-by-breath gas-exchange data were
filtered for aberrant data points (data point out of the
range mean ± 4SD). Earlobe capillary blood samples
(25 μL) were collected and analyzed for lactate concen-
tration using an automated analyzer (YSI 2300; YSI Inc.,
Yellow Springs, Ohio, USA).
Determination of V
.
O2p kinetic parameters
For each exercise transition, breath-by-breath V
.
O2 re-
sponses were fit to the following equation using iterative
nonlinear regression procedures on Microcal Origin 6.0
(Northampton, MA, USA):
V
.
O2(t) = V
.
O2b + A × (1 − e−(t−TD/τ))
Where V
.
O2(t) represents oxygen uptake at time (t), V
.
O2b
is the baseline value of V
.
O2 at rest, A is the amplitude
of the increase in V
.
O2 above the baseline value, τ is the
time constant (defined as the time required to attain
63% of A), and TD is the time delay.
The initial cardiodynamic component was not con-
sidered in the fit window by eliminating the data from
the first 20 seconds after the onset of exercise (Roberts
et al. 2005). In addition, the overall time course of the
V
.
O2 response (i.e. mean response time [MRT]) was cal-
culated from the same equation including the cardiody-
namic component (0–360 seconds) with TD constrained
at zero in the fitting window. Occasional errant breath
values were deleted from the data set if they fell more
than four standard deviations outside the mean 30-
second periods (Ozyener et al. 2001). In order to in-
crease the confidence of estimated parameters of the
equation (Lamarra et al. 1987), V
.
O2b and A were con-
strained at the fitting window, respectively, as the mean
value at the minute before moderate-intensity WR onset
and as the difference between V
.
O2b and ssV
.
O2 value
(mean value of the last 2 minutes). This ssV
.
O2 value
presents a typical error lower than 2.5%, so even small
changes may be considered worthwhile (Saunders 
et al. 2004).
Statistical analysis
Data are reported as mean ± standard deviation. The
effects of aerobic training status and moderate-intensity
exercise conditions were tested using repeated mea-
sures ANOVA, followed by Tukey’s post hoc tests where
appropriate. Independent t test assessed the difference
between groups for variables from incremental test.
The level of significance was fixed at 5% for all tests
(Statistica 6.0; StatSoft Inc., Tulsa, OK, USA).
Results
Table 1 contains the indexes of aerobic fitness obtained
from incremental tests (V
.
O2max, IV
.
O2max, OBLA, LT,
OBLA% and LT%) for both groups. All indexes were 
significantly higher in TG than in UG (p < 0.05).
The parameters of pulmonary V
.
O2 kinetics (V
.
O2b, A,
ssV
.
O2, τ, TD and MRT) for both groups and exercise con-
ditions are shown in Table 2. MRT (untrained subjects),
Table 1. Indexes of aerobic fitness obtained from incremental tests*
V
.
O2max (mL·kg−1·min−1) IV
.
O2max (W) OBLA (W) LT (W) OBLA% LT%
UG 39.8 ± 5.8† 206 ± 34† 143 ± 37† 99 ± 17† 69 ± 14† 49 ± 8†
TG 63.4 ± 6.5 348 ± 34 278 ± 32 203 ± 14 79 ± 3 59 ± 5
*Data presented as mean ± standard deviation; †significantly different (p < 0.05) from TG. UG = untrained group; TG = trained group; V
.
O2max =
maximal pulmonary oxygen uptake; IV
.
O2max = work rate associated with V
.
O2max; OBLA = onset of blood lactate accumulation; LT = lactate
threshold; OBLA% = OBLA as a percent of IV
.
O2max; LT% = LT as a percent of IV
.
O2max.
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ssV
.
O2 (trained subjects) and V
.
O2b (both groups) were
significantly different between exercise conditions (NPE
vs. PSE). The Figure illustrates the V
.
O2 responses of 
a representative subject from each group during NPE
and PSE conditions.
Table 3 reports the blood lactate concentration, heart
rate and pulmonary ventilation responses to NPE and
PSE conditions in both groups. At 0 and 6 minutes,
there were no differences between groups for almost
all variables, except for blood lactate (in the PSE condi-
tion) and V
.
E (in both exercise conditions) that were
significantly higher for TG (p < 0.05). Only HR was un-
altered by PSE in UG at 0 minutes; all other variables
were significantly higher in PSE conditions for both
groups. At 6 minutes, only blood lactate was significantly
higher in the PSE condition for UG (p < 0.05), although
all variables were significantly increased in the PSE
condition for TG (p < 0.05).
Discussion
To our knowledge, this is the first study to analyze the
interaction between aerobic fitness level and PSE on
subsequent V
.
O2p response. Our principal findings were
that ssV
.
O2 was increased by prior exercise in the trained
but not in the untrained group and that MRT was
speeded up after prior exercise only in the untrained
group (the Figure is representative of these responses).
The estimated phase II time constant (τ) was unchanged
by prior exercise regardless of aerobic fitness level of
the subjects. However, the mathematical determination
of both parameters (MRT and τ) from one rest-exercise
transition may impair their estimation confidence in-
terval, which could preclude a more accurate assess-
ment of interventions (Lamarra et al. 1987). On the
other hand, the widely used mathematical approach to
improve the estimation confidence of such variables
Table 2. Pulmonary V
.
O2 kinetics parameters of moderate-intensity exercise under no prior exercise (NPE) and prior supra-
maximal exercise (PSE) conditions in both groups*
UG TG
NPE PSE NPE PSE
V
.
O2b (L·min−1) 0.39 ± 0.06 0.51 ± 0.15† 0.37 ± 0.6 0.58 ± 0.14†
A (L·min−1) 1.21 ± 0.19‡ 1.09 ± 0.15 1.75 ± 0.23 1.69 ± 0.26
ssV
.
O2 (L·min−1) 1.60 ± 0.27‡ 1.60 ± 0.29 2.07 ± 0.27 2.21 ± 0.38†
τ (s) 31 ± 14‡ 24 ± 14 14 ± 4 11 ± 3
TD (s) 4 ± 10‡ 6 ± 13 16 ± 4 17 ± 4
MRT (s) 33 ± 7‡ 29 ± 8† 26 ± 5 23 ± 6
*Data presented as mean ± standard deviation; †significantly different (p < 0.05) from NPE condition; ‡significantly different (p < 0.05) from TG
in NPE condition. UG = untrained group; TG = trained group; V
.
O2b = V
.
O2 baseline; A = V
.
O2 amplitude; ssV
.
O2 = steady state V
.
O2; τ = estimated
V
.
O2 time constant; TD = time delay; MRT = mean response time.
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Fig. Individual representative response of V
.
O2 during transition from rest to moderate-intensity exercise of: (A) untrained 
subjects; and (B) trained subjects. PSE = prior supramaximal exercise; NPE = no prior exercise.
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(1-second data interpolation and superimposition of
two or more rest-exercise transitions data) seems to be
partially critical, since at least the matrix data size is
increased by 1-second interpolation treatment, which by
itself alters the curve fitting. Some authors have criti-
cally discussed the use of such an approach in modeling
V
.
O2 kinetics (Stirling et al. 2005). Although this issue is
beyond the scope of this manuscript, we want to point
out that we mainly performed these time constant
estimations to strengthen the assumption that the last
2 minutes of moderate-intensity exercise (the time win-
dow from which we calculated ssV
.
O2) were not part of
the early exponential response (phase II) (Whipp et al.
2005). Regardless of the true impact of this mathemat-
ical treatment on the physiological meaning of kinetic
parameters, our main focus on ssV
.
O2 does not rely on
curve fitting.
Based on the present results, our hypothesis that an
increase in ssV
.
O2 after prior exercise is dependent on
aerobic fitness level appears to be supported. Nonethe-
less, our experimental design does not provide further
data on the physiological origin of these responses.
Although the major limitation in measuring the exercise
O2 cost at the pulmonary level is a possible difference
in the relative contribution of various metabolic active
tissues (i.e. augmented ventilatory and heart work)
between different exercise conditions, some previous
data may provide some clues on that.
The increase in O2 cost of exercise reported here
(Table 2) has been similarly demonstrated in aerobically
trained subjects during the first steps of progressive-
intensity exercise after PSE (Dantas-De-Lucas et al.
2003). James & Doust (1998) also reported increased
O2 cost of moderate-intensity exercise after (1 hour)
repeated bouts of high-intensity exercise. It is important
to note that, in the experiment conducted by James &
Doust (1998), the V
.
E and HR had totally recovered to
baseline levels before the onset of moderate-intensity
exercise and were not different during exercise between
conditions. Despite the increase in V
.
E and HR after
PSE in our TG (Table 3), the estimated O2 cost of the
augmented V
.
E and HR—∼20 mL·min−1, calculated
with data from Aaron et al. (1992) and Kitamura et al.
(1972)—accounts for only 14% of the total difference
in ssV
.
O2 between conditions (NPE vs. PSE). Importantly,
even after discounting the estimated O2 cost of aug-
mented V
.
E and HR from ssV
.
O2 value of PSE condition,
the t test still indicates significant differences between
conditions in the TG.
The V
.
O2b was increased by PSE in both groups
(Table 2), but it seems unlikely that alteration of ssV
.
O2
is an artifact of an unchanged response superimposed
on an elevated V
.
O2b (Burnley et al. 2006). These authors
have shown that changes in V
.
O2 kinetics parameters
are not necessarily associated with changes in V
.
O2b
(i.e. the effects still remain even in the absence of an
elevated V
.
O2b). Therefore, it seems that the increased
O2 cost found in the present study and by James &
Doust (1998) may be due to the metabolic alterations
within exercising muscles imposed by PHE. Unfortu-
nately, the physiological basis of this phenomenon has
never been experimentally addressed.
Comparing trained with untrained individuals, the
former presented higher blood lactate values before
exercise onset (Table 3) and likely an increased lactate
gradient between arterial and lactate disposal compart-
ments. Taking into account the improved metabolic abil-
ity of trained individuals to oxidize lactate, a higher O2
cost could arise from the lower amount of ATP yielded
when the carbon source is shifted from glycolysis 
to lactate-pyruvate conversion (Evertsen et al. 2001;
Gladden 2000; Bergman et al. 1999).
Table 3. Blood lactate concentration (LA), heart rate (HR) and pulmonary ventilation (V
.
E) responses to no prior exercise (NPE)
and prior supramaximal exercise (PSE) conditions in both groups*
LA (mM) HR (bpm) V
.
E (L·min−1)
UG TG UG TG UG TG
0 min
NPE 1.13 ± 0.55 0.92 ± 0.20 84.3 ± 10.1 71.6 ± 12.5 12.8 ± 2.1 13.6 ± 3.2
PSE 6.43 ± 2.51†‡ 9.46 ± 2.62† 97.1 ± 10.6 91.0 ± 22.8† 19.4 ± 4.1† 21.3 ± 4.9†
6 min
NPE 1.40 ± 0.56 1.04 ± 0.25 123.4 ± 11.8 124.1 ± 11.6 39.9 ± 6.3‡ 50.5 ± 3.6
PSE 3.99 ± 1.53† 5.09 ± 2.73† 128.3 ± 13.0 132.4 ± 13.0† 41.6 ± 7.0‡ 54.7 ± 7.3†
*Data presented as mean ± standard deviation; †significantly different (p < 0.05) from NPE within groups; ‡significantly different (p < 0.05)
between groups under the same exercise condition. UG = untrained group; TG = trained group; 0 min = immediately before the onset of 
moderate-intensity exercise; 6 min = end of moderate-intensity exercise.
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Another related issue which has been recently
addressed is the neuromuscular response to prior exer-
cise (Burnley et al. 2002). Burnley et al. (2002) have
shown that the alterations in V
.
O2 kinetics at heavy-
intensity exercise are associated with a different pattern
of muscle neural activation after prior exercise (higher
integrated electromyogram after PHE) in active subjects.
From these results, one could argue that PSE may
increase the recruitment and/or the firing frequency of
fibers and hence the energy cost of mechanical work
release. Although this is a potential mechanism delineat-
ing our current findings regarding the exercise O2 cost
in trained individuals, it is currently unknown whether
aerobic fitness level would modulate the changes in
muscle activation pattern induced by prior exercise. 
It is worth pointing out that some trained individuals
(but not untrained) present a transient overshoot of
subsequent ssV
.
O2 values during phase II of moderate-
intensity cycling exercise (Koppo et al. 2004). These
authors argued that a transient mismatch of motor
unit recruitment and force generation requirement is
among the likely mechanisms eliciting such a response.
Despite a lack of experimental evidence, this hypothe-
sis of “over-recruitment” and a consequent overshoot
of V
.
O2 in trained subjects is somehow in line with our
results.
In summary, we have demonstrated that aerobic fit-
ness level modulates the effects of PSE on subsequent
V
.
O2 response to moderate-intensity exercise, with trained
but not with untrained individuals increasing their O2
cost (ssV
.
O2) after prior exercise. Unfortunately, the
mechanisms delineating such responses could not be
assessed and future physiological studies are needed.
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